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Abstract
Influenza is mostly a mild, self-limiting infection and
severe infection requiring hospitalisation is uncommon. Immunisation aims to reduce serious morbidity and mortality. The Influenza Complications Alert
Network (FluCAN) is a sentinel hospital-based surveillance program that operates at 15 sites across
all states and territories in Australia. This study
reports on the epidemiology of hospitalisation with
confirmed influenza, estimate vaccine coverage and
influenza vaccine protection against hospitalisation
with influenza during the 2012 influenza season.
In this observational study, cases were defined as
patients admitted to one of the sentinel hospitals
with influenza confirmed by nucleic acid detection.
Controls were patients who had acute respiratory
illnesses who were test-negative for influenza.
Vaccine effectiveness was estimated as 1 minus the
odds ratio of vaccination in case patients compared
with control patients, after adjusting for known confounders. During the period 9 April to 31 October
2012, 1,231 patients were admitted with confirmed
influenza at the 15 FluCAN sentinel hospitals. Of
these, 47% were more than 65 years of age, 8%
were Indigenous Australians, 3% were pregnant and
76% had chronic co-morbidities. Influenza A was
detected in 83% of patients. Vaccination coverage
was calculated from the vaccination status of 1,216
test negative controls and was estimated at 77% in
patients 65 years or over and 61% in patients with
chronic comorbidities. Vaccination effectiveness was
estimated at 41% (95% CI: 28%, 51%, P<0.001).
Vaccine coverage was incomplete in at-risk groups,
particularly non-elderly patients with medical comorbidities. The study results suggest that the seasonal
influenza vaccine was moderately protective against
hospitalisation with influenza during the 2012 season. Commun Dis Intell 2013;37(3):E246–E252.
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Introduction
Hospitalisation due to influenza is an uncommon
complication, and the case hospitalisation ratio has
been estimated in the United States of America
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at around 0.45%.1 However, because infection
with influenza virus is relatively widespread and
estimated to affect 5%–10% of the population,
the incidence of hospitalisation is of significance
to public health. Influenza vaccination is recommended in Australia for high risk groups, including the elderly, patients with chronic comorbidities,
pregnant women and Indigenous Australians.2
The National Immunisation Program, funded by
the Australian Government and implemented by
state and territory departments of health, provides
public funding for influenza immunisation to
reduce serious morbidity and mortality from influenza. Hospital-based surveillance is able to detect
a dimension of severity not captured in a timely
manner by other surveillance systems for influenza
and influenza-like illnesses. This study aimed to
describe the epidemiology of hospitalisation with
confirmed influenza, estimate vaccine coverage
in hospitalised patients with acute respiratory illnesses but without influenza, and estimate influenza vaccine protection against hospitalisation
with influenza during the 2012 influenza season.
Methods
The Influenza Complications Alert Network
(FluCAN) has operated since 2009.3 In the 2012
season, the participating sites were The Alfred
Hospital (Vic), Royal Melbourne Hospital (Vic),
Canberra Hospital (ACT), Calvary Hospital
(ACT), Monash Medical Centre (Vic), Geelong
Hospital (Vic), Royal Perth Hospital (WA), Royal
Adelaide Hospital (SA), Royal Hobart Hospital
(Tas.), Mater Hospital (Qld), Princess Alexandra
Hospital (Qld), Cairns Base Hospital (Qld), Alice
Springs Hospital (NT), Westmead Hospital
(NSW), and John Hunter Hospital (NSW). Ethics
approval has been obtained at all participating sites
and the Australian National University.
An influenza case was defined as a patient admitted to hospital with influenza confirmed by
polymerase chain reaction (PCR). Surveillance
was conducted from 9 April to 31 October 2012.
Test negative controls (up to two for each case)
were the next tested patients with acute respiratory
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symptoms who were negative for influenza by
PCR. Admission or transfer to the intensive care
unit (ICU) included patients managed in a high
dependency unit (HDU). The onset date was
defined as the date of admission except for patients
where date of test is more than 7 days after admission, where the onset date was the date of the test.
Admissions that are listed as influenza A includes
both untyped and seasonal strains, and may include
infections involving the pandemic H1N1/09 strain
if not specifically typed.
Vaccination coverage was estimated separately in
two groups of patients. Prior to the onset of the
influenza season (from study commencement on
9 April), vaccine status was collected in patients with
radiologically-confirmed pneumonia. This was different by state/territory and was defined by National
Notifiable Diseases Surveillance System data as
follows: Australian Capital Territory (to 15 June),
New South Wales (to 25 May), Northern Territory
(not included, as influenza activity evident from
30 March), Queensland (22 June), South Australia
(1 June), Tasmania (28 June), Victoria (8 June), and
Western Australia (22 June). Subsequent to the commencement of the season, vaccine status was collected
from patients admitted with influenza like illness
but who were negative on influenza testing. Patients
were defined as being vaccinated if they reported
(as documented in the medical record or from selfreport) receiving the 2012 trivalent seasonal vaccine
more than 2 weeks prior to presentation. In Australia,
only unadjuvanted vaccines are available under the
National Immunisation Program although 1 adjuvanted vaccine is approved for use.

Vaccine effectiveness was estimated by comparing
the odds of a confirmed case being vaccinated with
the odds of a test negative control being vaccinated,
assuming that vaccination would have no effect on
admissions with non-influenza respiratory infections. This was calculated as 1 minus the odds ratio
of vaccination using methods previously described.4
A multivariate model was constructed from factors known to be associated with vaccination, and
therefore potential confounders. Where the vaccine is assumed to only partially protect vaccinated
individuals, the odds ratio of vaccination in cases
compared with controls can be shown to be arithmetically equivalent to the relative rate of disease in
vaccinated vs. unvaccinated individuals, as long as
the time at risk is the same.5–6 This has led to the
development of the incidence density test design,
where controls are selected from patients without
influenza contemporaneous to a case.7 A convenience sample of controls can be obtained from
patients tested for influenza but who are negative for
influenza using a sensitive and specific assay; this
assumes that influenza vaccination has no effect
on the prevention of non-influenza influenza-like
illnesses (i.e. those due to other respiratory viral
infections), and that these patients are generally
representative of the population at risk.
Results
During the period 9 April to 31 October 2012, 1,231
patients were admitted with confirmed influenza
at the 15 FluCAN sentinel hospitals. In most jurisdictions, the peak number of hospitalised cases
occurred during July 2012 (Figure 1). The majority

Figure 1: Date of admission in patients hospitalised with confirmed influenza
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Table 1: Demographics, risk factors and outcomes in hospitalised patients with confirmed
influenza
Confirmed influenza
Variable
Total

n

Test negative controls

%

n

%

1,231

100.0

1,694

100.0

12

1.0

–

–

1,006

81.7

–

–

213

17.3

–

–

<18 years

148

12.0

25

1.5

18–39 years

229

18.6

185

10.9

40–64 years

281

22.8

340

20.1

65–79 years

307

24.9

398

23.5

>80 years

266

21.6

746

44.0

Male

614

49.9

869

51.3

99

8.0

168

9.9

ACT

105

8.5

30

1.8

NSW

84

6.8

137

8.1

NT

83

6.7

155

9.1

Qld

167

13.6

311

18.4

SA

200

16.2

275

16.2

Influenza strain
H1N1/09
Flu A (unknown/ seasonal)
Flu B
Age group

Indigenous
State or territory

Tas.

99

8.0

103

6.1

Vic.

390

31.7

546

32.2

WA

103

8.4

137

8.1

Pregnancy

39

3.2

13

0.8

Nursing home resident

68

5.5

107

6.3

Medical co-morbidities*

944

76.7

1,410

83.2

Chronic respiratory disease

446

36.2

743

43.9

Diabetes

Risk factors

260

21.1

350

20.7

Chronic liver disease

38

3.1

71

4.2

Immunosuppressed

217

17.6

452

26.7

Chronic cardiac disease

353

28.7

495

29.2

Chronic neurological disease

175

14.2

260

15.3

Chronic renal disease

116

9.4

193

11.4

437/963

45.4

689/1,216

56.7

Other characteristics
Received 2012 trivalent
seasonal vaccine
Days from onset of illness
(median, Interquartile range)
Admitted to intensive care unit
Treated with oseltamivir
In-hospital mortality
*

3 (2, 5) days (n=1097)

4 (2, 7) days (n=1519)

123

10.0

272

16.1

665/1,120

59.4

264/1,465

18.0

40/1,157

3.5

49/1,413

3.4

Multiple co-morbidities possible
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of cases were due to influenza A, with 213 (17%)
due to influenza B. Influenza B was more common in patients admitted to Alice Springs Hospital
in the Northern Territory, accounting for 59 of
83 (71%) admitted cases.

was ascertained for 1,216 (72%). Based on the vaccination status of patients admitted with pneumonia
prior to the commencement of the season, vaccination coverage was estimated at 71% in patients
aged more than 65 years and 64% in patients with
chronic comorbidities. In test negative controls during the season, vaccination coverage was estimated
at 78% and 61% in the elderly and those with medical comorbidities respectively (Table 2).

Of these 1,231 patients, 573 (47%) were more
than 65 years of age, 99 (8%) were Indigenous
Australians, 39 (3%) were pregnant and 944 (77%)
had chronic co-morbidities (Table 1). Of the
963 (78%) patients where influenza vaccination
status was ascertained, 437 (45%) had been vaccinated. Of all cases, 108 (9%) were initially admitted
to ICU and a further 15 patients were subsequently
transferred to ICU after initial admission to a general ward. Of the 1,157 patients where discharge
status was known, 40 (4%) patients died during
the hospital admission, of which 15 (38%) patients
died in intensive care.

The effectiveness of the 2012 trivalent seasonal
influenza vaccine in reducing the risk of hospitalisation with influenza was estimated at 41% (95%
CI: 28%, 51%, P<0.001) in the 2012 influenza season (Table 3). Vaccine effectiveness was estimated
to be lower for elderly patients and in those with
medical comorbidities (Figure 2).
Discussion

During the surveillance period, 1,694 control
patients were enrolled; of which vaccination status

In 2012, FluCAN recorded more than 1,200
admissions to the 15 hospitals that participate in
this surveillance network, in a year where the A/
H3N2 strain predominated but the vaccine match
to circulating strains was good.8 As the hospitals

Table 2: Estimated vaccine coverage in preseason pneumonia and test-negative groups
Test negative
acute respiratory
illness*

Figure 2: Estimated vaccine effectiveness
against hospitalisation in all patients, in
specified subgroups and against infection with
influenza subtypes

Pre-season
pneumonia†

n/N

%

n/N

%

690/1,216

56.7

222/370

60.0
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71.0

Medical
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397/506
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159/217
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No medical
comorbidities

23/35

65.7

12/24

50.0
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270/675

40.0

51/129

39.5

No comorbidities

Medical
comorbidities

238/532

44.7

42/95

44.2

Comorbidities

No medical
comorbidities

32/143

22.4

9/34

26.5

All patients

All patients
Age<65
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Table 3: Factors associated with hospitalisation with influenza compared with admission with
non-influenza acute respiratory illnesses
Variable

Crude odds ratio

P

Adjusted odds ratio

P

0.67 (0.56, 0.80)

<0.001

0.62 (0.51, 0.76)

<0.001

1.13 (0.97, 1.32)

0.12

1.65 (1.34, 2.03)

<0.001

Medical comorbidities

0.70 (0.58, 0.85)

<0.001

0.65 (0.51, 0.83)

0.001

Pregnancy

4.99 (2.50, 9.95)

<0.001

6.05 (2.68, 13.66)

<0.001

Indigenous

1.04 (0.70, 1.54)

0.86

1.59 (0.89, 2.84)

0.12

Primary outcome
Influenza vaccination
Potential confounders
Age ≥ 65 years
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represented in this network represent approximately 12% of the national hospital bed capacity,
the cases detected here are likely to reflect approximately 10,000 admissions nationally. It is difficult
to compare this with previous years as a different
number of hospitals participated in 2010 and 2011,
but it was noted that the age of patients was older
than in the H1N1/09 dominant seasons in 2010
and 2011, and case numbers were higher.9 It should
be noted that the relative number of cases between
jurisdictions does not reflect true influenza activity, due to differences in the number and size of
sentinel hospitals in each jurisdiction.
The FluCAN surveillance system was established
in 2009 to fill a gap between long-running,
established surveillance systems based in the community and primary care, and mortality statistics.8
We have previously demonstrated that sentinel
surveillance broadly reflects population level data
from notifications and ICU surveillance,3 and had
used these data to describe the clinical features
of infection with the H1N1/09 strain,10 and have
previously estimated vaccine effectiveness against
influenza in the 2010 and 2011 seasons.4,11
Influenza vaccine coverage has only been estimated infrequently in hospitalised patients in
Australia.12 An important issue is the degree to
which these patients represent the population
at risk of hospitalisation with respiratory illness.
This study therefore estimated vaccine coverage in
2 distinct groups: patients with pneumonia prior
to the influenza season, and in patients during
the influenza season who had tested negative for
influenza. Previous Australian studies that aggressively pursued a microbiological diagnosis have
only found that influenza was implicated in only
7% of patients with pneumonia, and this is likely
to be much lower outside the influenza season,13
suggesting that influenza vaccine is not likely to
be protective against pneumonia prior to the influenza season. The study found that the estimates
of vaccine coverage were consistent in both groups.
Self-reported vaccination status has been shown
to slightly overestimate true influenza vaccination status.12,14,15 Community-based estimates of
influenza vaccine coverage, last reported in 2009,
have shown that the proportion vaccinated has
remained stable in periodic surveys since 2002.16
The effectiveness of influenza vaccines in preventing influenza has most commonly been considered
in the primary care setting. A systematic review
which included studies where PCR confirmation
was the outcome measure has suggested that vaccine effectiveness against influenza presenting to
primary care was 59%.17 In that review, it was found
that most randomised controlled trials enrolled
healthy adults or children, but a smaller number
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of observational studies have specifically examined
vaccine effectiveness in the elderly. Only 1 study
was identified in this review that estimated vaccine
effectiveness against hospitalisation,18 and we are
aware of a few other studies published since.4,11,19,20
In general, results from these studies have been
consistent and have shown that protection against
hospitalisation ranges from 49%–61%.4,18,19 We
note that estimated vaccine effectiveness was lower
in patients with comorbidities and in the elderly
but this difference was not statistically significant.
There are several limitations to this study. Despite
the diagnosis of influenza having both infection
control and therapeutic implications in hospital,
it is likely that not all patients with influenza are
diagnosed. Additionally, some patients with acute
respiratory infections due to influenza may test
negative due to delayed presentation or secondary bacterial pneumonia after clearance of the
primary infection with influenza. There also may
be unmeasured confounding of the association
between vaccination and admission with influenza, a bias that has plagued studies of influenza
mortality.21 In a sentinel surveillance system it is
not possible to define the denominator population
and therefore the true incidence of hospitalisation.
Although previous studies have suggested that
self-reported influenza vaccination status only
slightly overestimates vaccination coverage, we
have not validated this in our population.12,14,15 In
particular, differential recall bias between cases
and control patients may bias estimates of vaccine
effectiveness. Finally, it is difficult to reconcile
studies based on diagnosed influenza with those
that indirectly estimate the burden of disease from
excess seasonal hospitalisations or mortality.22
In summary, this study detected a large number of
hospital admissions with confirmed influenza in a
national observational study in 2012. Vaccine coverage was low in at-risk groups, particularly nonelderly patients with medical comorbidities. The
results suggest that the seasonal influenza vaccine
was moderately protective against hospitalisation
with influenza.
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